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ABSTRACT 
 
Ecology and Morphological Comparison between Rough Greensnakes (Opheodrys a. 
aestivus) and Eastern Smooth Greensnakes (Opheodrys v. vernalis) in West Virginia 
 
Timothy Earl Baldwin 
 
 
Since 1971, documented Rough Greensnake (Opheodrys aestivus) occurrences in West Virginia 
have declined from approximately 100 to less than 20 occurrences in the last 10 years.  In 
contrast to the decline of Rough Greensnakes in WV, Smooth Greensnake (O.  vernalis) 
populations appear to be stable over the same period of time.  Historic sites from the West 
Virginia Biological Survey were cross referenced with habitat descriptions in published literature 
to establish research locations. One hundred nineteen Rough and Smooth Greensnakes were 
measured for snout-vent length and total body length, and of these, 78 were measured in detail 
for external head morphology characteristics.  Stomachs of field-captured specimens were 
flushed to identify prey, and in preserved specimens the gastro-intestinal tracts were dissected 
and examined for prey items.  Plant community data were collected at each research site (N=51) 
along 150m transects to define their habitat characteristics.  Of the 6 month active period, Rough 
Greensnakes had the most captures in September, accounting for 30%.  In comparison, Smooth 
Greensnakes had the most captures in June, accounting for 33%.  Exponential regression showed 
a positive correlation between total length and weight for Smooth Greensnakes (R2 = 0.9136) 
and Rough Greensnakes (R2 =0.7124). Species occupied different habitats, with Rough 
Greensnakes found along forest edges near roadsides and Smooth Greensnakes in open fields 
with sparse vegetation.  There was a statistically significant difference between the habitat types 
that were occupied by Rough and Smooth Greensnakes (p< 0.001).  Only Opheodrys aestivus 
adults were found, while Opheodrys vernalis was represented by age groups from hatchlings to 
older adults.  The data suggest that differences in both activity period and habitat preference may 
explain differences in population structure. 
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CHAPTER ONE:  Literature Review 
 
 There are two species of greensnakes in North America.  The range of Rough 
Greensnakes is throughout the southeastern United States and the range of the Eastern Smooth 
Greensnakes is throughout the Northern United States (Conant & Collins, 1998).  Smooth 
Greensnake populations extend south and westward where populations become threatened 
(Figure 1).  Rough Greensnakes become threatened as their distributions moves northward 
(Figure 2).   
 Most of the literature on Rough Greensnakes is focused on ecology, growth, and behavior 
(Plummer, 1981a , 1997; Morris, 1982).  In addition to ecological studies morphological studies 
have been conducted on these snakes in relation to scutellation counts and anomalies (Plummer, 
1980).  Since these species are in the same genus, and both are predominately diurnal visual 
hunters, a comparison of their foraging adaptations are of interest.  I will compare head 
morphology to the prey items of both species.   
Head morphological and behavior studies have been conducted extensively on vine 
snakes (Henderson and Binder, 1980).  Arboreal snakes commonly have large eyes, elongate 
bodies, attenuated snouts, and longitudinal grooves (Henderson and Binder, 1980).  Increased 
snout attenuation and longitudinal grooves aid in foraging (Henderson and Binder, 1980).  
Arboreal snakes use visual cues and longitudinal grooves to pinpoint prey (Lillywhite & 
Henderson, 1993).  One of my objectives is to look at the difference of these characters between 
two diurnal hunters.  Another objective is to determine if morphological characteristics important 
for arboreal visual hunters are different from terrestrial ones. 
Earlier studies involving greensnakes focused on habitat use and feeding behavior.  I am 
interested in examining the ecology of snakes near the northern edge of their range, since the 
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majority of research has been done in the south.  One of my objectives is to learn the temperature 
tolerance and elevation gradient as it relates to their habitats.  Perch height and tree type have 
been studied (Goldsmith, 1984 and Plummer, 1981), but little has been done in regards to 
localities of O. aestivus as it relates to elevation, slope of habitat, aspect, and landuse. My 
objective is to determine if these new factors are affecting the distributions of Rough 
Greensnakes.  
Contrary to Rough Greensnakes, Smooth Greensnakes have received little attention.  
Grobman (1941) briefly described habitat information and described the total distribution as 
extending from Texas and New Mexico to the District of Columbia. 
 In West Virginia, limited information is known about Smooth Greensnakes except for 
work done by Green and Pauley (1987).  A formal study on O. vernalis, their natural history, and 
ecology has not been conducted in this state.  Smooth Greensnakes are imperiled throughout 
much of their range, but they are secure in West Virginia (www.wvdnr.gov).  It is important to 
determine the criteria that constitutes favorable habitat for Smooth Greensnakes so that the 
information can be available to those trying to manage imperiled populations.  The majority of 
the information accumulated on Smooth Greensnakes has been focused on subspecies 
distribution and scutellation variation (Grobman, 1992). 
The only other Smooth Greensnake habitat accounts have been recorded in field 
observations (Criddle, 1937; Davis, 1949).  Criddle and Davis briefly described habitat.  Criddle 
(1937) makes reference to snakes occupying ant hills and the genus of ants that use those hills.  
Since Smooth Greensnakes eat invertebrates, it is not understood if they are utilizing ant colonies 
for cover or for food.  While this information is important, an indepth study on the habitat and 
food habits of Smooth Greensnakes is needed. 
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Both species emerge after a hard rain event in May (Pauley, personal communication).  
Precipitation loosens the soil to allow them to emerge from their retreat sites.  Both Opheodrys 
species are noteworthy because they appear to parallel each others life histories.  Both species 
emerge from their wintering sites during mid-May.   
During June, Rough and Smooth Greensnake males move outside of their home ranges to 
search for females (Plummer, 1997).  During this time Rough Greensnakes become more 
susceptible to predation by other snakes such as Black Racers (Coluber constrictor) and Black 
Kingsnakes (Lampropeltis g. niger) (Plummer, 1997; Green and Pauley, 1987).  Camouflage 
coloration may help protect greensnakes from predators that hunt by sight, such as Black Racers.  
Kingsnakes hunt mainly by chemical cues, and therefore camouflage is not effective (Weldon & 
Schell, 1984).  As a result, predation on males is relatively high in June (Plummer, 1997). 
During July and August, female greensnakes are more active than males.  Gravid females 
move more frequently to obtain more prey items as their eggs develop (Plummer, 1997).  During 
this time, females are more vulnerable to predation. 
Egg deposition occurs from the end of June to early September (Goldsmith, 1984; Greene 
and Pauley, 1987).   Hatchlings emerge from late September until the middle of October 
(Goldsmith, 1984).  Shortly after hatching, neonates move toward their wintering sites.   
In this study, I hypothesize that both Greensnake species are not sympatric.  I believe that 
the Rough and Smooth Greensnake populations are separated by elevation.  In this paper I 
examined the elevation, county locations, and habitat characteristics where each species is found.  
I also compared prey items of both species to determine if diet is a factor determining 
distribution. 
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Description of the Species 
Rough Greensnakes, are characterized by a green dorsum and a yellow or white venter.  
The characteristic that distinguishes it from Smooth Greensnakes are their scales.  Rough 
Greensnakes possess keeled scales (Figure 3), i.e., scales that are raised in the middle, while 
Smooth Greensnakes scales lack these ridges (Ernst and Barbour, 1989) (Figure 4).  Rough 
Greensnakes range from 45-105 cm in total length, and their populations are probably restricted 
to the southwestern portion of West Virginia (Green and Pauley, 1987).  Rough Greensnakes are 
arboreal, and their habitats include trees, shrubs, and tall grasses.  They are active between 1 to 3 
meters above the ground (Plummer, 1981).   
Smooth Greensnakes are similar in appearance to Rough Greensnakes.  The dorsum 
Opheodrys vernalis is green, while the venter is yellow, cream, or white (Ernst, 1989).  Both 
species have a green dorsum, and a yellow to white venter (Ernst, 1989).  Smooth Greensnakes 
are approximately half the size of Rough Greensnakes ranging from 27-51cm, and their habitats 
include tall grasses and fields (Green and Pauley, 1987). 
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Figure 1:  National Distribution of Rough Greensnakes (Opheodrys aestivus) 
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Figure 2:  National Distribution of Smooth Greensnakes (Opheodrys vernalis) 
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      Figure 3: Keeled Scales of Opheodrys aestivus 
 
 
 
 
 
 
 
 
 
 
       Figure 4: Smooth Scales of Opheodrys vernalis 
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CHAPTER TWO:  Distributions of Rough Greensnakes (Opheodrys aestivus) and Smooth 
Greensnakes (Opheodrys vernalis) in West Virginia  
 
Introduction 
 
Rough Greensnakes (Opheodrys aestivus) and Eastern Smooth Greensnakes Opheodrys 
vernalis) are the two species of greensnakes that occur in North America.    Rough Greensnakes 
occur in the southeastern United States with a few sparse populations in the north states (Conant 
and Collins, 1998 and Morris, 1982).  Smooth Greensnakes are one of the few snake species that 
are characterized by boreal distributions (Conant and Collins, 1998).  West Virginia occurs 
within the range of both species.  Historic records do not show overlap of these species within 
West Virginia (WVBS).  Records show Rough Greensnakes occur along the western part of the 
state (Figure 5), while Smooth Greensnakes are found in the eastern part of West Virginia (Green 
and Pauley, 1987) (Figure 6).   
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Figure 5:  West Virginia County Distribution of Rough Greensnakes 
(Opheodrys aestivus) 
 
 
Opheodrys aestivus  
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Figure 6:  West Virginia County Distribution of Eastern Smooth Greensnakes 
(Opheodrys vernalis) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
O. vernalis 
 11
Methods 
 
Potential study sites were surveyed from September 2005 until October 2006.   Preserved 
specimens from the West Virginia Biological Survey at Marshall University were used for 
locality information.  Their locations were used as historic sites. 
Twenty-three sampling sites were chosen for this part of my study.  Locations were located 
primarily within the southwestern part of West Virginia, since that is where the highest numbers 
of Rough Greensnakes have been reported.  Since Rough Greensnakes are diurnal, we primarily 
conducted daytime surveys.  However, night surveys were also conducted, because they sleep in 
tree branches and their venters reflect light (Plummer, 1981). 
Historic sites were searched initially, then new sites were found using visual surveys.  
Snake hooks were used to capture Rough Greensnakes, which enabled me to rake through the 
meadows as well as search tree branches between 2-3m high  
Sampling strategies for Smooth Greensnakes was different from Rough Greensnakes.  
Since Rough Greensnakes do not utilize rocks, their habitats seem to be separate from that of 
other snakes.  Eastern Smooth Greensnakes use rocks, but in West Virginia they do not reside 
along edges as much as Rough Greensnakes.  As a result of this difference, fields in elevations 
over 660m were inventoried.  Overall 20 sites were sampled and revisited between 2005 and 
2006. 
 
Statistical Analysis 
 The size and the weight of each greensnake were correlated to determine if there was a 
relationship.  The mean total body length and weight of each species were compared to 
determine if there was a statistically significant difference between either of these measurements.   
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Study Site Description 
Kanawha State Forest 
 This forest was a mixed mesophytic forest.  Dominant tree species in this area were 
broad-leaved deciduous trees.  While there was plenty of hardwood tree species present, there 
were not a lot of fields.  Rough Greensnakes from the WVBS were recovered from this site, but I 
did not find any during the summer of 2006.   
 
Fork Creek Wildlife and Amherst Plymouth Management Area 
 These areas area comprised mostly of mixed mesophytic forests.  While this area had 
have edges, meadows and fields were not common.  Also the habitat was dry and no favorable 
prey items were found.   
 
Cabwaylingo State Forest 
 This forest looked ideal for the location of Rough Greensnakes.  This forest is dominated 
by broad-leaved deciduous trees and edges that connect to large fields.  The fields had been 
recently mowed.   
 
McClintic and Chief Cornstalk Wildlife Manangement Area 
These two wildlife management areas have mixed mesophytic forests.  The are large 
meadows that were present along the forest that were not altered or disturbed by humans.  These 
forests provided fields and edges. 
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Barboursville City Park 
This park was surveyed because of the large fields were present between sparse 
aggregations of broad leaved deciduous trees.  The slope where the snake was recovered was less 
than 10 degrees which was a pattern of the majority of the greensnake habitat that were 
recovered.   
 
Laurel Lake and East Lynn Lake Wildlife Management Area 
Both of these areas have mixed mesophytic forests.  The forests are dense with edges that 
run at the bottom of steep slopes.  Meadows are small and adjacent to roads.   
 
Sandstone Falls and the Back Fork of the Elk River (Skelt, WV) 
 These sites were composed of mesophytic forests that bordered a riverine area with an 
unconsolidated shore.   
Holly River State Park and Devil’s  Pence Springs    
 These areas were composed of palustrine mixed forests, but with a large number of 
coniferous trees.  There are small streams that run along the meadows near the forest edges.  
These meadows provided edge habitat. 
 
Beech Fork Lake Wildlife Management Area 
 Beech Fork contained mixed forest, but was composed mostly of deciduous tree species.  
There were forest edges present with narrow meadows. 
 
Bluestone National Scenic River and New River (Brook Falls) 
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 There were mixed forests within this national park, which had a large proportion of 
broad-leaved deciduous trees.  This park possessed large meadows along forest edges that 
bordered deciduous trees.   
 
Pipestem Resort State Park and Bluestone Lake Wildlife Management Area 
 These two areas are located near Bluestone National Scenic River.  Whiled these forests 
are classified as mixed forest; there was a large quantity of coniferous forests along the edges.  
The meadows were large, but the forests were dry. 
 
Guyandotte Baptist Camp in Ona along the Guyandotte River 
Originally this area had been deciduous forest, but development has introduced edges and 
large meadows that are used for deer hunting.  This introduced edge has provided ideal habitat 
for greensnakes.  One of the greensnakes captured was using a shed as a shading site during the 
summer.  Both greensnakes were 4 meters or less from the forest edge.  When these animals 
were pursued they retreated immediately to the forest.  The slope was near flat at these areas.  
 
Minnehaha Springs- Moore Hollow of Route 28  
 This site was a mixed forest, with a majority coniferous trees.  Besides this characteristic 
there were edges that bordered fields.  One Rough Greensnake had been found here.  The slopes 
were also close to 10 degrees as well as the trees along the edge not being dense, which allowed 
the greensnakes room to retreat if threatened. 
 
Cooper’s Creek- ¼ mile past 5 mile intersection 
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 A Rough Greensnake was captured at this site according to the historical records.  This 
site had creeks running through the area that bordered the fields on one side and deciduous forest 
on the other side.   
 
Kanawha County- 1.5 miles south on route 83, exit 74 on I-77 and Wayne County- 1.5 miles from 
intersection of country road 26 and 22 
 The snakes were found near the roads according to the historical records.  The edges 
appeared to be sufficient habitat for Rough Greensnakes.  The development through the forest 
had inadvertently made edges facing the road.  The snakes appeared to be able to not only used 
the close edges to escape predators, but they were also able to forage for prey. 
 
Ona- Big Cabell Creek 
 This area provided small edges near the road that border broad leaved deciduous forests.  
The meadows had tall grasses.  The opposite side of the road provided similar habitat.   
 
Cabin Mountain 
 This area was dominated by Red Spruce (Picea rubens).  Since this mountain also serves 
as a ski slope, then large fields fragmented the Red Spruce.   
 
Devil’s Run 
 This forested area located on Cabin Mountain at Canaan Valley, Tucker County.  The 
majority of the plants in this area were deciduous trees.  There were no true edges or fields 
within this area.   
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Seneca Rocks 
 These forests in this area are classified as coniferous.  Within this forest, trails had been 
made for hikers.   
 
Rich Mountain 
Rich Mountain is filled with deciduous trees.   
 
Snowshoe 
 This mountain is similar to Cabin Mountain.  The forest was fragemented.  The rocks 
were also only located within the fragmented forests 
 
White Sulphur Springs and Bald Knob 
 Greensnakes were not found at either of these areas.  The reasoning is possibly because 
there were not enough open areas. 
 
Terra Alta- Camp Gailee 
 Vegetation was sparse and the soil was muddy.  There were numerous cover objects 
along the fields and the hill. 
 
Dolly Sods 
 This area was comprised mainly of coniferous forests.  Trails had been made throughout 
this area. 
 17
 
Spruce Knob 
  This was a site that was surrounded by Red Spruce on two sides.  Open fields with 
numerous rocks were present.   
 
Paddy Knob 
 The majority of the trees in this area were deciduous trees.  This may explain why 
Smooth Greensnakes were found in this area.  In addition the fields on this mountain had a few 
sparsely located rocks.   
 
Elleber Knob 
 This site was composed abandoned cow pastures.  Plant succession was in the early stage, 
and several rocks were found along the sampling site.  There was a water source that ran through 
parts of the area.  Coniferous forests surrounded the field.   
 
Camp Allegheny 
 This area was similar to Elleber Knob in that it was an abandoned cow pasture, but at a 
higher elevation.   
 
Spruce Knob Lake 
  This area had numerous fields with coniferous trees all around the area.  The only 
problem is that the grass was regularly mowed and there were few rocks that could be used as 
cover objects for any snakes.   
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Gunpowder Ridge and Anthony’s Creek 
 These areas were historic sites for Smooth Greensnakes.  When thee areas were searched, 
they were dominated by deciduous trees.  It seems as forest succession continues to a majority of 
deciduous trees these animals are not found.  The slopes of these historic sites were extremely 
steep which made it difficult to search some areas.  There were also no fields or rocks to serve as 
refugia.   
 
Flat Rocks 
 There were several large rocks through out this site.  This rock field was surrounded by 
deciduous trees.   
 
Results and Discussion 
In this study, 43 sites were sampled for both Rough and Smooth Greensnakes.  
Historically, Rough Greensnakes have been found in 17 counties within West Virginia.  These 
counties include Cabell, Wayne, Lincoln, Kanawha, Boone, Mingo, Raleigh, Summers, 
Wyoming, Putnam, Mason, Roane, Jackson, Wirt, Wood, Logan, and Jefferson (Figure 7).  With 
the exception of Jefferson County, these counties are located in the southern part of the state.  
We captured the majority of Rough Greensnakes in southern West Virginia.  During 2006, 
greensnakes were found in three of the previously recorded counties.  These counties were 
Cabell, Wayne, and Kanawha (Figure 8).  This does not mean that Rough Greensnakes are no 
longer present at the historic sites listed above it just means we did not find them.  In Cabell 
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County, Rough Greensnakes were present in neighborhoods and outside of a tennis court near 
Ritter Park.   
Smooth Greensnakes have been documented in 12 counties in higher elevations of West 
Virginia (WVBS).  Historically, Smooth Greensnakes were found in Raleigh, Greenbrier, 
Nicholas, Pocahontas, Randolph, Pendleton, Grant, Tucker, Hardy, Preston, Marshall, and 
Morgan counties (Figure 7).  These counties, unlike the historic sites of O. aestivus are located 
along the eastern and the northern part of the state (Figure 7).  Smooth Greensnakes were often 
found in mountainous regions, for example Cabin Mountain in Tucker County.  Smooth 
Greensnakes were not found in their historic sites if urbanization had occurred.  One of the larger 
populations was found in Elkins in the 1930’s, but were not found during this current study.  
Instead a paved road and a shopping center were found.   
O. vernalis persist in spite of agricultural development.  Smooth Greensnakes were found 
in cow pastures or recently abandoned cow pastures.  Smooth Greensnakes seem to be able to 
survive clear cuts as long as cover objects are available.  Of the 12 counties that these 
greensnakes have been found, during the summer of 2006 Smooth Greensnakes were found in 4 
including Pocahontas, Pendleton, Preston, and Grant (Figure 9).  This seems to be the result of 
development along with natural succession.  The historic sites that were undisturbed, many of the 
trees were now deciduous trees.   
Within West Virginia, biologists can raise awareness to the general public about the 
impacts of habitat disturbance on greensnake species.  Greensnakes appear to not be negatively 
impacted by neighborhoods or agriculture, but paved roads and heavy construction makes it 
difficult for Rough and Smooth Greensnakes to survive due to road kills and habitat loss. 
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Figure 7:  Opheodrys aestivus and Opheodrys vernalis Historic Sites 
 
 
O. aestivus historic records 
O. vernalis historic records 
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Figure 8:  Opheodrys aestivus 2006 populations 
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 Figure 9:  Opheodrys vernalis 2006 populations 
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Table 1:  Study Sites and Captures 
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CHAPTER THREE:  External Morphological Comparison between Opheodrys aestivus 
and Opheodrys vernalis 
 
Introduction 
 
 Several papers have been written on the ecology of arboreal snakes.  Some of these 
papers have focused on the external head morphology of these animals.  From these studies it has 
been determined that certain characteristics influence the foraging behavior and ecology of 
arboreal snakes.  Arboreal snakes have developed certain specializations to help them move 
more efficiently or cryptically in these habitats.  They have color patterns that are either brown 
or green which allow them to be camouflaged within green foliage (Lillywhite and Henderson, 
1993) and are typically lightweight, because of their frequent feeding and defecation (Lillywhite 
and Henderson, 1993).  Within arboreal habitats they are able to move among different sized 
branches with their decreased mass.  Arboreal species, such as vine snakes share similar 
characteristics like large heads, large eyes, and elongated thin bodies.  Arboreal snakes’ tails are 
also longer than terrestrial snakes (Pizzato, Almeida-Santos, and Shine, 2007).  They are visually 
oriented predators that use prey movement to forage (Henderson, 1980)  Within an arboreal 
habitat, they can not use chemical cues to forage since they have to hunt within varying levels of 
vegetation.  Arboreal snakes need to be able to pinpoint these prey items accurately (Lillywhite 
and Henderson, 1993). 
It is assumed that larger eyes are consistent with improved eye sight.  Snout attenuation is 
also hypothesized to be more pronounced in O. aestivus than O. vernalis.  These three 
characteristics are hypothesized to be associated with improved eyesight in snakes.  Since 
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arboreal snakes need to strike with more accuracy, in order to not fall from high perches, these 
characteristics need to be either larger or longer to help increase precision of their strikes on prey 
items (Hartmann, 2005).   
Rough Greensnakes have arboreal characteristics in that they feed frequently in these 
habitats and have the capacity to hunt fairly fast-moving and agile prey items, such as 
orthropterans (Goldmsith, 1984).  In order to hunt grasshoppers and crickets they look for head 
movement of prey (Cooper, 1981).  
Arboreal and semi-arboreal snakes’ ability to forage effectively in vegetation is related to 
their head shape and external morphology.  Arboreal snakes have evolved narrowed skulls, 
elongate snouts, as well as large eyes (Henderson, 1980).  When Henderson compared these 
characteristics of both diurnal and nocturnal vine snakes, he found that the diurnal specimens had 
longer skulls and narrower snouts.  Snout attenuation or narrowing of the snout aids in binocular 
vision by increasing field of view.  In addition to snout attenuation, longitudinal grooves run 
from the eye to the snout to increase straight ahead vision (Lillywhite and Henderson, 1993).   
While the external head morphology has been studied extensively in neotropical arboreal 
snakes, limited papers are available on these same characteristics of semi-arboreal snakes in 
temperate zones.  Rough Greensnakes are hypothesized to have the same characteristics as 
arboreal vine snakes, despite the fact they are semi-arboreal.  Along with Rough Greensnakes, 
other diurnal visual hunters such as Black Racers and Coachwhips share these same 
morphological attributes (Tennant, 2003 and Cooper, 2000).  I hypothesized that visually 
oriented snakes will possess narrowed skulls, attenuated snouts, longitudinal grooves, and large 
eyes which aid in the foraging of prey items.  Even though they may possess similar 
characteristics, these attributes should be more pronounced in arboreal than terrestrial snakes.  
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Thus, I compared Rough Greensnakes and Smooth Greensnakes head morphology, because of 
the arboreal capacity of Rough Greensnakes and the terrestrial nature of the Eastern Smooth 
Greensnake.  Greensnakes are similar in weight, and morphometric measurements should show 
how each species is adapted to arboreal or terrestrial environments.  Specifically, I hypothesized 
that Rough Greensnake total body length would be longer than Smooth Greensnake, but Rough 
Greensnakes would be lighter. 
 Further, I hypothesized that eye diameter and longitudinal groove length will be 
significantly longer with Rough Greensnakes.  These comparisons will help to better understand 
how external head features and body adaptations of visually oriented snakes are related to the 
habitat and prey of Rough and Smooth Greensnakes. 
 
Methods 
 In this experiment, specimens were caught by hand at various sampling sites.  Following 
capture, snout-to-vent, total body length, cranial length, and cranial width were measured 
(Pough, 1983).  Eye diameter and distance between the eyes were measured along with the width 
of the animal’s snout to calculate snout attenuation.  The longitudinal groove distance was 
measured from the eye to the tip of the snout.  All measurements were made with dial calipers. 
 
Statistical Analysis 
 Linear correlations were used to compare the total body length versus the weight of the 
animal.  This technique was used to see if there was a potential relationship between longer 
animals and their body weight.  Sigmastat 3.5 and SigmaPlot 10.0 were used to compare the 
external head morphology characteristics between these two animals using Mann Whitney Rank 
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Sum Tests.  Linear correlations were used to compare the total body length and weight 
distributions of Rough Greensnakes and Smooth Greensnakes.  We compared average eye 
diameter, longitudinal groove length, snout attenuation percentage, cranial length, cranial width, 
and cranial area between the two species.  Snout attenuation was quantified using percentage 
reduction and comparing the means between the two species.  These numbers were also shown in 
correlations to look at all of the specimens as a whole. 
 
Results 
 Morphometric measurements were taken for a total of 121 greensnakes, 74 Rough 
Greensnakes were measured and 47 Smooth Greensnakes were measured.  There was a positive 
correlation for Rough Greensnakes (Figure 10) (R2=0.7164; p=0.01).  The correlation between 
snout-vent length and weight was weaker for Rough Greensnakes yet significant (Figure 12) 
(R2=0.6335) (p=0.01). Total body length and weight were strongly correlated in Smooth 
Greensnakes (Figure 11) (R2=0.9286; p<0.001).  The correlation between snout-vent length and 
weight was weaker for Smooth Greensnakes yet significant (Figure 13) (R2= 0.8594; p<0.001).  
Rough Greensnakes and Smooth Greensnakes did not differ by weight, but Rough Greensnakes 
were longer (Figure 15) (p<0.087) (Figure 14) (p<0.001). 
Eye diameter (Figure 16) differed (p<0.001) and longitudinal grooves (Figure 17) 
(p<0.001) between the two species.  The eye diameter and longitudinal grooves were found to be 
significantly larger and longer in the arboreal Rough Greensnakes than the more terrestrial 
Smooth Greensnakes.  Percentage snout attenuation (Figure 18) was found to be significantly 
(p<0.001) greater in Rough Greensnakes than Smooth Greensnakes.  Cranial length and width 
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were then measured.  Both cranial length (Figure 19) and cranial width (Figure 20) were found to 
be significantly greater in Rough Greensnakes and Smooth Greensnakes.   
 
Discussion 
In this experiment, different external morphometric measurements were taken to better 
understand the difference between the arboreal Opheodrys aestivus and the terrestrial Opheodrys 
vernalis.  There was strong, positive, statistically significant correlation between total body 
length and weight of the Eastern Smooth Greensnake.  Rough Greensnakes were found to also 
have a statistically significant positive correlation, but the correlation was not as strong.  This 
weaker correlation seemed to occur because no hatchlings were found for this species as well as 
the small sample size.  If more specimens had been captured, the correlation pattern of Rough 
Greensnakes would have probably mirrored that of Smooth Greensnakes.   
When total body length and weight were compared between Rough Greensnakes and 
Eastern Smooth Greensnakes, a statistically significant difference was found.  Rough 
Greensnakes were found to be almost twice the size of Smooth Greensnakes.  This is probably a 
result of their habitat use. Since Rough Greensnake forage in vegetation a more elongated 
formed is needed, so that these animals can move to and from different perches.  This longer 
form coupled with large eyes enables greensnakes to move easily through this environment.  
Smooth greensnakes’ shorter, more robust form is of better use for a fossorial snake.  O. vernalis 
burrow in muddy soils, and a stockier form helps them to move more efficiently by cutting down 
on the body size and the amount of energy that is needed to move along tougher terrain than the 
Rough Greensnake. 
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  The significantly larger eye size, longitudinal groove length, and larger snout 
attenuation of Opheodrys aestivus is a result of their adaptation to more arboreal habitats.  These 
larger characteristics would improve vision while foraging for prey at different branch heights 
and sizes.  Greensnakes will be able to more accurately focus on prey while at the same time 
being alert of potential predator.  O. aestivus do not utilize rocks like Opheodrys vernalis, so as a 
result they only rely on their vision and camouflage capabilities while O. vernalis can use all 
three.  Increase vision capabilities possibly enable these animals to survey their habitat more 
accurately and ensure their own survival. 
I believe these animals hunt similar to visually oriented arboreal lizard such as Eumeces 
laticeps which look for articulation around the head and thorax and then attack this region.  It 
seems that the location of the greensnakes’ attack would be related to the type of prey item they 
are ingesting.  Attacking the head rather than the rear of these invertebrates would reduce injury 
to the snakes (Cooper, 1981).  
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Figure 10:  Total body length and weight of Opheodrys aestivus was compared using a 
linear correlation.  R2= 0.7124.  (p=0.01) (N=6). 
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Figure 11: Total body length and weight of Opheodrys vernalis was compared using a 
power correlation. R2= 0.9286. (p<0.001) (N=40) 
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Figure 12: Snout-vent length and weight of Opheodrys aestivus was compared using a 
power correlation. Only adult specimens were used for this comparison.  R2= 0.6335. 
(p<0.01) (N=6) 
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 Figure 13: Snout-vent length and weight of Opheodrys vernalis was compared using a 
power correlation. Only adult specimens were used for this comparison.  R2= 0.8594. 
(p<0.001) (N=26) 
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 Figure 14:  Weight comparison ranges between Opheodrys aestivus (N=7) and Opheodrys 
vernalis (n=42) was conducted using a Mann Whitney Rank Sum Test (α=0.05).  Means of 
Opheodrys aestivus (µ=16.643±4.2) and Opheodrys vernalis (µ=11.025±8.272) (p<0.087) were 
not found to be significantly different.  The bars represent the ranges at the 5th and 95th 
percentiles. 
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Figure 15:  Comparison of total body length ranges between Opheodrys aestivus (N=49) and 
Opheodrys vernalis (n=81) using a Mann Whitney Rank Sum Test (α=0.05).  A significant 
difference was found between Opheodrys aestivus (µ=63.73±12.16) and Opheodrys vernalis 
(µ=36.09±11.45) (p<0.001).  The bars represent the ranges at the 5th and 95th percentiles. 
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  Figure 16:  Comparison of eye diameter ranges between Opheodrys aestivus (N=40) and 
Opheodrys vernalis (n=34) using a Mann Whitney Rank Sum Test (α=0.05).  A significant 
difference was found between Opheodrys aestivus (µ=0.30±0.045) and Opheodrys vernalis 
(µ=0.24±0.024) (p<0.001).  The bars represent the ranges at the 5th and 95th percentiles. 
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Figure 17:  Comparison of longitudinal groove length ranges between Opheodrys aestivus 
(N=40) and Opheodrys vernalis (n=34) using a Mann Whitney Rank Sum Test (α=0.05).  A 
significant difference was found between Opheodrys aestivus (µ=0.38±0.050) and Opheodrys 
vernalis (µ=0.26±0.036) (p<0.001).  The bars represent the ranges at the 5th and 95th 
percentiles. 
 38
Species
Opheodrys aestivus Opheodrys vernalis
Pe
rc
en
ta
ge
 S
no
ut
 A
tte
nu
at
io
n
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
  
Figure 18:  Comparison of percentage snout attenuation ranges between Opheodrys aestivus 
(N=40) and Opheodrys vernalis (n=34) using a Mann Whitney Rank Sum Test (α=0.05).  A 
significant difference was found between Opheodrys aestivus (µ=0.448±0.069) and 
Opheodrys vernalis (µ=0.370±0.047) (p<0.001).  The bars represent the ranges at the 5th and 
95th percentiles. 
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 Figure 19:  Comparison of cranial length ranges between Opheodrys aestivus (N=40) and 
Opheodrys vernalis (n=34) using a Mann Whitney Rank Sum Test (α=0.05).  A significant 
difference was found between Opheodrys aestivus (µ=1.70±0.292) and Opheodrys vernalis 
(µ=1.40±0.235) (p<0.001).  The bars represent the ranges at the 5th and 95th percentiles. 
 40
Species
Opheodrys aestivus Opheodrys vernalis
C
ra
ni
al
 W
id
th
 (c
m
)
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
 
Figure 20:  Comparison of cranial width ranges between Opheodrys aestivus (N=40) and 
Opheodrys vernalis (n=34) using a Mann Whitney Rank Sum Test (α=0.05).  A significant 
difference was found between Opheodrys aestivus (µ=0.80±0.145) and Opheodrys vernalis 
(µ=0.70±0.103) (p<0.001).  The bars represent the ranges at the 5th and 95th percentiles. 
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 Figure 21:  Comparison of cranial area ranges between Opheodrys aestivus (N=40) and 
Opheodrys vernalis (n=34) using a Mann Whitney Rank Sum Test (α=0.05).  A significant 
difference was found between Opheodrys aestivus (µ=1.436±0.421) and Opheodrys vernalis 
(µ=1.038±0.289) (p<0.001).  The bars represent the ranges at the 5th and 95th percentiles. 
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CHAPTER FOUR:  Diet and Foraging Strategies of Opheodrys aestivus and Opheodrys 
vernalis 
 
Introduction 
 
Squamate reptiles have developed the ability to detect and recognize prey items using 
chemical cues (Cooper Jr., 1990), enabling them to hunt for prey over a larger area.  This 
adaptation from the vomeronasal organ allows most species to rely on the receptors in the 
tongues rather than eyesight.  Even though this adaptation is dominant, several snakes do rely on 
visual cues to capture prey.  These visually oriented species include, but are not limited to 
arboreal snakes.  Arboreal snakes need to locate prey on a third dimensional scale, varying 
heights in the vegetation.  As a result, they are not equipped to follow scent trails through various 
levels of the tree habitat.  Prey of arboreal snakes is usually agile and quick, further limiting the 
scent tracking of these animals (Stafford, 2003).  Due to this limitation, arboreal snakes have 
evolved a higher dependence on sight rather than on smell.  Sight enables them to not only 
pinpoint their prey, but also gage the distance and energy needed to strike to incapacitate their 
prey.  Rough Greensnakes, O. aestivus, feed exclusively on insect prey, such as orthropterans 
and lepidopteran larvae (Plummer, 1981).  Since these prey items are highly agile, greensnakes 
need a way to be able to capture prey.  Very much like the cricket-eating snake (Symphimus 
mayae), greensnakes ambush potential prey (Stafford, 2005).  They hunt in a similar manner to 
Broad-headed Skinks, another arboreal predator, by using the head articulation movements and 
colors of prey items (Cooper Jr., 1981).  Attack behavior in predators has been observed by 
looking at the orientation of the prey within the predator’s gastrointestinal tract.  Prey oriented 
toward the cloaca are attacked at the head (Goldsmith, 1984).  This technique is thought to 
reduce injury to the predator.  If the prey is grasped near the anterior region of the body, then the 
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reptile is vulnerable to potential damage to its tongue and its eyes.  If these body parts are 
damaged then the animals is in risk of being impaired when foraging for food.  As a result I 
speculate that the majority of Rough Greensnakes will hunt in a way that will enable them to 
secure prey by attacking the head, based on movement from the insect.   
 Smooth Greensnakes, on the other hand, are different from Rough Greensnakes in the 
way they forage.  Their foraging technique is similar to Coachwhips (Masticophis flagellum).  
Coachwhips do not ambush prey, but actively forage (Secor, 1995).  They use their sight for prey 
detection (Cooper, 1990).  Both these animals survey prey from a perch such as a hillside.  Once 
the prey is located, they then move toward it until they can attack from the sides or from behind.  
While this does run the risk of damage to the face of the snake, Smooth Greensnakes are able to 
surprise their prey.  Actively foraging works to detect prey and elude predators (Cooper, 1981).  
Their cryptic color pattern allows greensnakes to blend into the habitat and move slowly toward 
the prey without detection.  Smooth Greensnakes are not fast-moving species, so camouflage and 
ambush tactics are key to successful hunting. 
 Because both greensakes feed on insects, they have to eat frequently, because insects do 
not provide a substantial about of fat.  Prey items are found in both the stomach and the large 
intestine of insectivorous-snakes such as Symphimus mayae which prey predominately on 
orthopterans (Stafford, 2005).  By dissecting greensnakes in the WVBS, I will test the frequent 
feeding hypothesis.  The location of prey items in the gastrointestinal tract were noted to 
determine if these animals are feeding frequently like their arthropod-eating counterparts. 
  Limited work has been conducted on Smooth Greensnakes, in regards to specific 
prey items, but prey items are believed to be orthopterans, arachnids, caterpillars (Grobman, 
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1941).  Invertebrates may be the prey items of highest abundance in open field habitats or they 
may provide the largest amount of nutrition per foraging attempt.   
 Since the two greensnakes are adapted to different habitats, I hypothesized that their 
dominant prey items were different.  I hypothesize that Rough Greensnakes would consume 
Lepidoptera larvae as their primary prey item, and Smooth Greensnakes would consume 
arachnids. 
 
Methods 
I gutflushed greensnakes following capture (Raimondo, Pauley, and Butler, 2003).  
Distilled water was used to induce regurgitation in the snake.  This excess amount of water 
enacted the snake’s gag reflex, and as a result the animal vomited up prey items (Personal 
Communication, J. Mitchell).  A long-tube syringe was filled with 12 ml of water and was eased 
down the esophagus of each snake.  Between 6-12 ml of water was used to get greensnakes to 
regurgitate prey.  I did not use more than 12 ml of water in fear of internally harming the snake 
with excess water.  If the animal did not regurgitate prey items after 12ml of water, then I 
palpated from the mid venter to the cloaca to help dislodge food from the small and large 
intestines.  If prey was not obtained, using these techniques, it was assumed that there was either 
no prey items in the gastrointestinal tract or the prey digested so much that the researcher could 
not obtain the prey. 
Prey items were then collected in 5-10ml vials and preserved in 70% ethanol until they 
could be measured and identified.  Once prey items were collected, the snake was then gently 
palpated until the excess water was expelled.  After the water was expelled the animal was 
released in the same location it was found. 
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The prey items were then returned to the laboratory for identification and density 
analysis.  Each vial was emptied into a Petri dish and placed under a dissecting microscope.  The 
prey items were then classified to order and counted (Stafford, 2005).  If a prey item could not be 
identified, then it was placed in an unknown arthropod category.  After the prey items were 
counted, the density of each order was measured.  Graduated cylinders were used to determine 
the volume of each category of prey item.  Ten ml graduated cylinders were used since prey 
items range in mass from 0.2-1.2ml.  Graduated cylinders were filled to the 3 ml mark, and the 
prey items were suspended and measured. 
Rough Greensnakes and Smooth Greensnakes specimens, in the WVBS, were dissected 
to obtain prey items so that I could calculate prey volume using volume displacement.  Prey 
items were suspended in 10 ml graduate cylinders.  An incision was made along the venter 
moving anteriorly from the cloaca.  This incision was made 10 ventral scale from the base of the 
skull of the snake.  All the organs were removed and preserved in separate vials for future use.  
The stomach, small intestine, and large intestine were then thoroughly analyzed to find any 
possible prey items.  These prey were then preserved using the same method as the prey items 
found in the live specimens in vials containing 70% ethanol.  These prey items were also 
identified down to the order. 
 
Results 
 In this study, 130 greensnakes (N=49 Rough Greensnakes and N=81 Smooth 
Greensnakes) were used to identify stomach contents.  Prey Items were found in gastrointestinal 
tracts of 14 Rough Greensnakes and 21 Smooth Greensnakes.  In Rough Greensnakes the 
dominant prey item consumed was Lepidoptera larvae.  These animals accounted for 28.57% of 
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the diet of these animals (Figure 23).  The second most consumed prey item were arachnids 
accounting for 23.81% of the prey items that were consumed.  The prey item that was consumed 
most frequently for Smooth Greensnakes (Figure 28) was Araneae which comprised 38.18% of 
the items that were consumed by Smooth Greensnakes.  The second largest group that was 
consumed was Lepidoptera larvae, which were 27.27% of the diet of Eastern Smooth 
Greensnakes. 
 For Opheodrys aestivus, the highest total volume percentage per prey order was found to 
be Lepidoptera larvae with 31.58% of the total volume of prey consumed (Figure 25).  The 
second largest order was Araneae with 29.47%.  The total prey volume percentages were found 
to be different for Opheodrys vernalis.  The prey order with the largest volume percentage was 
found to be lepidopteran larvae with 33.17%.  The second largest order was othroptera with 
28.64% (Figure 30).   
 
Conclusion 
 We observed that Rough and Smooth Greensnakes consume a variety of Invertebrate 
orders, but these animals frequently foraged for prey from 2 or 3 orders.  According to the 
number of prey items eaten by Rough Greensnakes, Lepidoptera was both the animal that was 
consumed at the highest frequency, but it also accounted for the largest volume of prey for these 
animals.  It appears that these prey items are the preferred prey items for these animals.  It seems 
that the elongated skull has been adapted for these prey items.  These slow moving prey also 
appear to provide Rough Greensnakes with proper amount of energy without exerting an extreme 
amount of energy.  The second most consumed order was araneae.  These animals appear to be 
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fairly abundant within the arboreal habitat of Opheodrys aestivus, from observations throughout 
potential Rough Greensnake habitat. 
 There was a larger percentage difference between the dominant prey orders that were 
consumed by Opheodrys vernalis than Opheodrys aestivus.  Araneae was the order that was 
consumed the most with 38.18%.  The second most consumed prey order Lepidoptera larvae 
with 27.17%.  While these prey orders were consumed in the highest frequencies, the prey order 
that had the highest volume Lepidoptera followed by orthoptera.  It appears that within both 
species of Greensnakes that Lepidoptera larvae provide the most energy and lipid stores for these 
species.  This prey item seems to be the ideal prey for both Rough and Smooth Greensnakes. 
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Figure 22:  Opheodrys aestivus Prey Item Counts per Prey Order 
 49
%Araneae: 23.81 
%Diptera: 9.52 
%Orthroptera: 9.52 
%Dictyoptera: 14.29 
%Hymenoptera: 0 
%Unknown: 14.29 
%Lepidoptera: 28.57 
%Coleoptera: 0 
 
 
Figure 23:  Prey Item Percentage for Opheodrys aestivus 
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Figure 24:  Total Volume per Prey Order for Opheodrys aestivus  
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% Araneae: 29.47 
% Diptera: 3.16 
% Orthoptera: 12.63 
% Dictyoptera: 16.84 
% Hymenoptera: 0 
% Unknown: 6.32 
% Lepidoptera: 31.58 
% Coleoptera: 0 
 
Figure 25:  Percentage of Total Volume per Prey Order for Opheodrys aestivus 
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Figure 26:  Feeding Strategy Plot for Opheodrys aestivus in West Virginia 
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Figure 27:  Opheodrys vernalis Prey Item Counts per Prey Order 
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% Araneae: 38.18 
% Orthoptera: 18.18 
% Diptera: 0 
% Hymenoptera: 3.64 
% Unknown: 7.27 
% Lepidoptera: 27.27 
% Coleoptera: 5.45 
% Dictyoptera: 0 
 
Figure 28:  Prey Item Percentage for Opheodrys vernalis 
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 Figure 29:  Total Volume per Prey Order for Opheodrys vernalis  
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% Araneae: 26.63 
%Diptera: 0 
%Orthoptera: 28.64 
%Dictyoptera: 0 
% Hymenoptera: 1.01 
%Unknown: 7.54 
%Lepidoptera: 33.17 
%Coleoptera: 3.02 
 
Figure 30:  Percentage of Total Volume per Prey Order for Opheodrys vernalis 
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Figure 31:  Feeding Strategy Plot for Opheodrys vernalis in West Virginia 
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CHAPTER FIVE:  Habitat Selection between Rough Greensnakes (Opheodrys aestivus) 
and Smooth Greensnakes (Opheodrys vernalis) 
 
Introduction 
 Numerous studies have been conducted on arboreal snake ecology, to determine the role 
vegetation plays in the foraging and retreat sites (Henderson, 1987, Plummer, 1981). Vegetation 
studies looked primarily at perch height of arboreal snakes as well as plant species as it related to 
prey items.  It was determined that vegetation species did not place as an important role as the 
shape of the vegetation as it related to Rough Greensnake habitat (Plummer, 1997).  This helps to 
ensure that greensnakes are able to adapt to minor habitat changes if a particular tree species dies 
out or is out competed for resources.  Few studies have looked at landuse as it relates to potential 
habitat of greensnakes.  Rough Greensnakes have been found to perch on different species of 
deciduous trees (Goldsmith, 1984 and Plummer, 1981).  However, it is difficult to determine if 
Rough Greensnakes reside only in deciduous forests or mixed forests, because previous studies 
have only addressed tree species. In this study, I looked at dominant vegetation species as it 
relates to Greensnake habitat, and I also classified habitat type to further aid in the knowledge 
and conservation of these snakes. 
     While extensive work has been conducted on Rough Greensnakes, fewer studies have been 
done on Eastern Smooth Greensnakes (Grobman, 1941). Since Opheodrys vernalis appear to be 
secure within the state of West Virginia, it seemed ideal to analyze their habitat.  I identified 
dominant vegetation species as well as habitat type.  I hypothesized, that both species of 
greensnakes do not reside within the same ranges because of habitat restraints.  Eastern Smooth 
Greensnakes have a more boreal distribution and occur only in the higher elevations in West 
Virginia (Conant and Collins, 1998, Green and Pauley, 1987).  As a result I believe the habitat of 
 59
these animals will be composed mostly of open fields while Rough Greensnakes will reside 
mostly in deciduous or mixed forests.   
     I also hypothesize that elevation limits the distributions of greensnakes.  Rough greensnakes, 
whose distribution is along the Southeastern United States (Tennant, 2003) reside in the lower 
elevation of West Virginia while Smooth Greensnakes are  found in the higher elevations. 
 
Methods 
 Once potential greensnake habitat was identified, a 150-meter transect was positioned 
through the habitat (Karasove and Anderson, 1984).  I then searched along the transect until an 
animal was recovered.  For Rough Greensnakes, I focused on forest edges and edges along 
roadways, while using fields and open areas with rock formations for Smooth Greensnakes 
     Once found, Global Positioning System coordinates were taken along with various 
morphometric measurements.  After these measurements had been taken, temperature 
measurements were recorded to determine if there was a difference in the temperature tolerance 
of either species.  A one-meter squared area was sectioned off around where the snake was 
captured.  Within this area, I counted the total number of plant species as well as the number of 
plants per species.  
     Aspect was determined using the GPS unit.  This information was then checked using ArcGIS 
9.2.  I used data from the West Virginia University Clearinghouse to obtain West Virginia shape 
files and digital elevation models.  I then extracted aspect, slope, and elevation information.  The 
elevation information was then checked with topographic maps.  This enabled me to ensure that 
the information from the GIS data was accurate.    
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     Once the vegetation data was collected, I then searched the entire area to determine the 
habitat type where the greensnake was found.  I classified the habitat, and  then I used ArcGIS to 
look at landuse of this habitat.. 
     Elevation was retrieved for specimens in the WVBS, by using locality information on each 
specimen.  These sights were then pinpointed using ArcGIS, a gazetteer, and topographic maps 
to get elevation information.  
 
Statistical Analysis 
 Mann Whitney rank Sum tests were used to compare the temperature and elevations at 
which the two greensnakes species were captured.  Chi-squared tests were used to determine the 
differences in Rough and Smooth Greensnakes habitats. 
 
Results 
 In this experiment, greensnake habitats were compared.  Elevation was found to be 
significantly different for both Rough and Smooth Greensnakes (Figure 32).  Opheodrys vernalis  
were distributed at significantly higher elevation (µ=970.18m) than Opheodrys aestivus 
(µ=208.67m) (p<0.001).  There was some overlap in the outliers of both species, but this 
accounted for less than 3 percent of the total greensnakes captured for either species.  While 
there was a significant difference between elevation of these 2 species, there was not a 
significant difference between their temperature regimes (Figure 33) (p=0.778).  
     Chi-square tests were performed on both aspect (Figure 34) and landuse (Figure 35) in 
connection to habitat types of greensnakes.  Both these tests showed significant differences 
(p<0.001) between the type of habitat greensnakes use.  Greensnakes were found in different 
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types of dominant vegetation.  The dominant vegetation species characterized by Rough 
Greensnake habitat were annuals in the family Gramineae and the genus Panicum (Table 2).  The 
dominant family characterized by Eastern Smooth Greensnake habitat was Asteraceae or 
Composites.  There was no clear dominant plant genus found in the habitat of Eastern Smooth 
Greensnakes. 
 
Discussion 
 Habitat type, slope, aspect, elevation, and temperature of greensnakes were compared to 
better understand why Smooth Greensnake populations have stabilized while Rough 
Greensnakes appear to be decreasing.  One of these factors may be habitat difference.  The 
majority of Rough Greensnakes captured were found along edges of forests of either deciduous 
or mixed deciduous and coniferous trees. Rough Greensnakes were found in heavy residential 
areas, while Smooth Greensnakes were not.  Rough Greensnakes are probably more prone to 
road kills than Eastern Smooth Greensnakes because they were found near roads.  These 
stressors from human development are most likely the causes of Rough Greensnakes’ decline in 
West Virginia. 
     Almost half of the Smooth Greensnakes were found on abandoned pasture lands surrounded 
by coniferous forests. These snakes have adapted to the long, cold climate regimes associated 
with their mountainous environments.  These animals seek rock groupings that allow them cover 
from potential predators since they are found in open fields.  So it appears that Smooth 
Greensnakes’ adaptation to more harsh environments where human do not live has allowed their 
populations to stabilize while Rough Greensnakes are declining. 
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Figure 32:  Comparison of elevation ranges between Opheodrys aestivus (N=45) and 
Opheodrys vernalis (n=76) using a Mann Whitney Rank Sum Test (α=0.05).  A significant 
difference was found between Opheodrys aestivus (µ=208.67±98.49) and Opheodrys vernalis 
(µ=970.18±332.86) (p<0.0001).  The bars represent the ranges at the 5th and 95th percentiles 
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 Figure 33:  Comparison of air temperature ranges between Opheodrys aestivus (N=10) and 
Opheodrys vernalis (n=38) using a Mann Whitney Rank Sum Test (α=0.05).  A significant 
difference was found between Opheodrys aestivus (µ=23.88oC±6.59oC) and Opheodrys 
vernalis (µ=24.59oC ±7.24oC) (p=0.778).  The bars represent the ranges at the 5th and 95th 
percentiles. 
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Figure 34:  Comparison of Aspect between Opheodrys aestivus (N=30) and Opheodrys 
vernalis (n=53) using a Chi-Squared Test (α=0.05).  Chi-square= 42.073 and degrees of 
freedom= 8.  A significant difference was found between Opheodrys aestivus and Opheodrys 
vernalis (p<0.001) and aspects at which they were captured. 
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 Figure 35:  Comparison of Landuse between Opheodrys aestivus (N=30) and Opheodrys 
vernalis (n=53) using a Chi-Squared Test (α=0.05).  Chi-square= 43.755 and degrees of 
freedom= 6.  A significant difference was found between Opheodrys aestivus and Opheodrys 
vernalis (p<0.001) and habitat types at which they were captured.   
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Figure 36:  Comparison of slope ranges between Opheodrys aestvius (N=30) and Opheodrys 
vernalis (n=53) using a Mann Whitney Rank Sum Test (α=0.05).  A significant difference 
was found between Opheodrys aestivus (µ=5.05o±5.89o) and Opheodrys vernalis (µ=8.39o 
±5.07o) (p<0.001).  The bars represent the ranges at the 5th and 95th percentiles. 
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Species Dominant Family Genus Species 
Occurrence 
% 
Ophoedrys 
aestivus Gramineae Panicum clandestinum 0.6
Ophoedrys 
aestivus Gramineae Panicum dichotomum 0.55
Ophoedrys 
aestivus Gramineae Panicum dichotomum 0.53
Ophoedrys 
aestivus Gramineae Panicum dichotomum 0.4
Ophoedrys 
aestivus Gramineae Panicum clandestinum 0.6
Ophoedrys 
aestivus Gramineae Panicum clandestinum 0.73
Ophoedrys 
aestivus Gramineae Panicum clandestinum 0.7
Ophoedrys 
aestivus Gramineae Panicum dichotomum 0.55
Ophoedrys 
aestivus Gramineae Panicum clandestinum 0.43
Ophoedrys 
aestivus Gramineae Panicum clandestinum 0.55
Opheodry vernalis Asteraceae genus spp. 0.44
Opheodry vernalis Asteraceae genus spp. 0.75
Opheodry vernalis Anacardiaceae Rhus typhina 0.33
Opheodry vernalis Rosaceae Potentilla canadensis 0.33
Opheodry vernalis Asteraceae Chrysanthemum leucanthemum 0.24
Opheodry vernalis Anacardiaceae Rhus typhina 0.33
Opheodry vernalis Asteraceae genus spp. 0.43
Opheodry vernalis Rosaceae Rubus hispidus 0.41
Opheodry vernalis Gramineae Bromus spp. 0.51
Opheodry vernalis Rosaceae Rubus spp. 0.38
Opheodry vernalis Gramineae Agrostis Alba 0.48
Opheodry vernalis Ericaceae Vaccinium angustifolium 0.35
Opheodry vernalis Asteraceae Solidago spp. 0.44
Opheodry vernalis Ericaceae Gaylussacia baccata 0.55
Opheodry vernalis Asteraceae genus spp. 0.68
Opheodry vernalis Leguminosae Trifolium campestre 0.19
Opheodry vernalis Plantaginaceae Plantago lanceolata 0.25
Opheodry vernalis Ericaceae Gaylussacia  brachycera 0.43
Opheodry vernalis Polygonanceae Rumex acetosella 0.51
Opheodry vernalis Polygonaceae Rumex acetosella 0.24
Opheodry vernalis Rosaceae Potentilla canadensis 0.33
Opheodry vernalis Ericaceae Kalmia latifolia 0.35
Opheodry vernalis Asteraceae Chrysanthemum leucanthemum 0.24
Opheodry vernalis Asteraceae Hieracium pilosella 0.39
Opheodry vernalis Ericaceae Gaylussacia brachycera 0.55
Opheodry vernalis Ericaceae Vaccinium caesium 0.35
Opheodry vernalis Guttiferae Hypercium spp. 0.43
Opheodry vernalis Asteraceae genus spp. 0.63
Opheodry vernalis Anacardiaceae Rhus typhina 0.41
 
Table 2:  Dominant Vegetation within Greensnake Habitat 
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